Field Investigations of Lactate-
Stimulated Bioreduction of Cr(Vl)
to Cr(ill)
at Hanford 100H
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Mesoscale Studies on Cr(VI) Bioreduction that led to Field Studies
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supported 1998-2004)
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Overall Objective

To carry out field investigations to assess the potential for
immobilizing Cr(Vl) i1n groundwater using lactate-stimulated
bioreduction of Cr(Vl) to Cr(111) at the Hanford 100H site, and to
determine critical community structure changes and stressors that

would enable control and predictions of fundamental biogeochemistry
that enables this bioremediation strategy for Cr(VIl)

Integrated Approach

Field Measurements

Lab Measurements
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Hanford 100H Site Characterization
Cr Concentration Map Lithological Column
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I
Lactate-Induced Bioreduction of Cr(IV)
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Field HRC Injection Test

L Injection of 40 Ibs of 13C-labeled HRC Pumping - 27 days
Well 699-96-45, August 3, 2004 4 well 699-96-44

HRC

Groundwater level

Injection at depths

of 44 ft to 50 ft Pumping
Hanford sandy gravel
and gravelly sand Water
samplers
Ringold clay
Ringold silt
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I
Non-i1nvasive geophysical monitoring
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I
Results of HRC Brostimulation
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Brogeochemical Evidence of Microbral Metabolism In
Grogﬂgvc\g?aesgolved Inorganic Carbon is Byproduct of HRC Metabolism
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HRC Experiment, Monthly Sampling
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HRC Experiment, Monthly Sampling
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I
Geochemistry — Injection well
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I
Geochemistry — Monitoring well
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Geochemistry — lron reduction

Average Soluble Iron, Fe(ll), Concentration
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I
Changes of Cr(VIl) Concentration in Groundwater after HRC

Injection
Average Soluble Cr(VI) Concentration

1LE+00 ¢
B
o
=
S LEOL g
<
5
g _
s 1E-02 ji@'@
° \
2
5 \/

1.E-03 ¢

8/1/04  10/1/04  12/1/04  1/31/05  4/2/05 6/2/05 8/2/05
Average Total Chromium Concentration

1.E+00 ¢ 1 ‘ ;
— Downgradient monitoring well |
E 1.E-01 + @® <+ Upgradient monitoring well |
S - 1 1 1
S : : A‘ —s
2 i | | l
S 1E02 £-¥--- T R de -
< - Injection well | | |
6 | | |
= 1 1 1

1.E-03 ‘ 1 ‘ 1 ‘ 1

8/1/04 10/1/04 12/1/04  1/31/05 4/2/05 6/2/05 8/2/05

Earth Scrences Divasion, Eceloegy: bepardment




Bacterial biomass - Direct counts
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Bacterial biomass enriched rapidly by 2 orders of magnitude — remained
elevated over one year later
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PhyloChip

m PhyloChip — 500,000 probes (300k target 16S)

-

16S rRNA gene used as biomarker 16S rRNA gene is amplified from Amplicon pool fragmented,
due to large database and availability genomic extract or 16S rRNA biotin labeled
of “universal” primers. molecules are used directly 1

gl g

T A
= ] 3}'

PhyloChip is scanned, fluorescence PhyloChip stained and washed Biotin labeled 16S hybridizes to its
data analyzed and probe sets with using automatic fluidics station complement sequence on the array surface.
>90% probes positive are
considered present

-
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Microarray analysis of bacterial community changes
during Cr(Vl) remediation at Hanford 100H site:

Dynamics of some significant organisms.
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Data mining — Bidirectional clustering

I =Injection well  [JJHighest intensity
M = Monitoring well Lowest intensity
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Nitrate reducers, sulfur oxidizers

Crenarchaeotes

Fermenters, Nitrate reducers, Sulfate reducers

Nitrate reducers, Sulfate reducers

Sulfate reducers, Iron reducers

Acetoclastic & Hydrogenotrophic Methanogenic Archaea
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Functional groups — lron reduction
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Fe(ll) can abiotically reduce Cr(VI) to Cr(lll)
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Functional groups — Sulfate reduction

Deltaproteobacteria
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Hybridization intensity

Functional groups — Methanogenesis
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Presence of methanogens indicates strongly reducing conditions
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Functional microarray analysis

900 _
Injection well Monitoring well April 17th 2006

O 800
)
©
| -
Iob) 700
L
O 600
< M Chromium
49 500 - M Nitrate
C_U Cytochrome
cC [ Sulphate
g’ 4007 M Methanogenesis
n Methane oxidation
C 300
qv)
(D)
= 200+

100

0,
45ft 49.5ft 52.5ft 56.5ft 45ft 49.5ft 52.5ft 56.5ft

Nitrate, Sulfate, Iron reduction. Methanogenesis, Methane oxidation, Sulfur oxidation.
Many chromium tolerance/reduction genes.

Zhou, Joy Van Nostrand - University of Oklahoma
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13C Phospholipid Analysis
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* General bacterial biomarkers indicate rapid enrichment in 13C

e 13Cratio is greater than expected (overall spiked HRC ratio was 15 per mil)
e 13C polylactate used as spike it is not esterified to glycerol backbone
* itisreleased and consumed more rapidly

» Biomarkers for Flavobacteriaceae increased following injection but showed minimal
enrichment with 13C.
* Flavobacteria do NOT typically utilize lactate, but may use glycerol (backbone, unlabeled)

Earth Sciences Division, Ecoloegy Departnents ;3“ ﬂ



Major Findings to Date

m Despite low initial microbial densities (<10° cells g1),
HRC 1njection i1In the groundwater stimulated iIncrease iIn
the biomass up to 107 - 108 cells ml-?

m Highly reducing conditions were achieved quickly with
hierarchical depletion of electron acceptors O, NO;, and
Fe (I111) (SO, was reduced but never depleted except
transiently months later), sulfate reduction has been
sustained to for the last 20 months

m SIP analysis confirmed microbial metabolism of HRC and
PLFA indicated which group of organisms was utilizing the
electron donor

m Geophysical measurements were capable of characterizing
hydrogeological conditions and monitoring the HRC
distribution In groundwater

m Biostimulation has not yet had an effect on subsurface
flow

m Cr(Vl) was reduced to drinking water standards after
increases 1In Fe(ll), and has remained low for the last 20
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Future Research

« Metagenome Sequence by JGI

« Metagenome (large Insert and
small insert clone libraries using _
MDA) by Diversa Coring

* Isolation and sequencing of Well 699-96-45
Desulfovibrio strains by JGI in s
the Lab Sequencing Program

 Mass transfer between high and
low permeability zones

e Changes in hydraulic properties
of sediments after HRC injection

 Evaluation of the potential for
Cr(lll) reoxidation - s

° Development Of a numerlcal Code Distance (ft) in X direction

Depth (ft)

TOUGH Blo_React 0.1 02 03 0.4 05 06 07 08 0.9
 Monitoring and new field tests (2
new wells installed over summer).
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Layout of Wells at Cr
Bioreduction Site
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